Objectives: To establish the incidence and predictive factors of enterotomy made during adhesiolysis in abdominal wall repair and to assess the impact of enterotomies and long-lasting adhesiolysis on postoperative morbidity such as sepsis, wound infection, abdominal complications and pneumonia, and socioeconomic costs. Background: Adhesions frequently complicate surgical repair of abdominal wall hernia. Enterotomies made during adhesiolysis specifically have a large impact on morbidity of patients, especially surgical site infections. Little is known on the incidence and burden of enterotomies and long-lasting adhesiolysis in abdominal wall repair. Methods: Between June 2008 and June 2010 demographics, disease characteristics and perioperative data of all patients undergoing elective abdominal wall repair were included in a prospective cohort study that was focused on adhesiolysis-related problems. A trained researcher observed all surgeries and collected data on adhesion location, tenacity, adhesiolysis time, and inadvertent organ damage such as enterotomies. Primary outcome was the incidence of enterotomy, and predictive factors for enterotomy were assessed through univariate and multivariate analyses. In addition, we evaluated the impact of adhesiolysis and enterotomy on morbidity. Results: A cohort of 133 abdominal wall repairs was analyzed. Adhesiolysis was required in 124 (93.2%), with a mean adhesiolysis time of 35.7 ± 29.8 minutes. Thirty-three enterotomies were made in 17 patients (12.8%). Two patients had a delayed diagnosed bowel perforation. Adhesiolysis time, hernia size greater than 10 cm, and fistula were significant predictive factors in univariate analysis. In multivariate analysis, only adhesiolysis time was a significant and independent predictive factor for enterotomy (P = 0.004). Trends toward an increased risk were seen for patients with mesh in situ and hernia size greater than 10 cm. Patients with enterotomy had significantly more urgent reoperations (P = 0.029), and they more often required parenteral feeding (P = 0.037). Moreover, patients with extensive adhesiolysis (adhesiolysis time, >30 minutes) more often suffered from wound infection (9/63 vs 2/70; P = 0.025), abdominal complications (5/63 vs 0/70; P = 0.022), and sepsis (4/63 vs 0/70; P = 0.048). Conclusions: One in 8 patients undergoing abdominal wall repair suffer inadvertent enterotomy following adhesiolysis. Adhesiolysis time predicts enterotomy. Morbidity in patients with extensive adhesiolysis and adhesiolysis complicated by enterotomy is high, inducing longer hospital stay and increased health care utilization.
A bdominal wall defect is a common indication for surgery and poses a significant health problem. Incisional ventral hernia is the most frequent abdominal wall defect and occurs in about 10% to 20% of patients undergoing open surgery. 1, 2 The incidence might even by higher in obese patients and after recurrent abdominal surgeries. [1] [2] [3] Symptoms of incisional ventral hernia include pain and discomfort at the hernia site, limitations in daily activities, and intestinal obstruction. A complex incisional ventral wall hernia may present with enterocutaneous fistula-associated problems such as skin infection, wound care difficulties, and malnutrition. 4 About one third of patients with ventral hernia undergo surgical repair by synthetic mesh, autologous tissue repair, or a combination of both. [5] [6] [7] Short-term complications of repairs are frequent and include postoperative hemorrhage, seroma formation, surgical site infection, and mesh infection. [7] [8] [9] [10] [11] A largely neglected intraoperative complication of both open and laparoscopic abdominal wall repair is an inadvertent enterotomy following adhesiolysis. 12 Enterotomy increases the risk for unplanned enterectomy, wound infection, reoperations, and fistula formation and jeopardizes reconstruction with mesh. In a retrospective study of repeat laparotomy after all types of abdominal surgery, inadvertent enterotomy was correlated with a high number of complications, urgent reoperations, intensive care unit (ICU) admissions, and need for parenteral feeding. 13 The mortality rate of patients with inadvertent enterotomies varies between 8% and 50%, depending on whether the enterotomy is recognized immediately during surgery or with delay in the postoperative phase. 8 With a reported incidence of 90% adhesions after intraperitoneal surgery, adhesiolysis is an expected part of incisional ventral hernia repair. 14, 15 The close proximity of the scarred skin, peritoneum, and bowel in patients with ventral hernia poses the bowel at risk to be injured at open abdominal entry or trocar insertion for laparoscopic repair. Inadvertent enterotomy has been reported in about 2% to 7% of patients with elective hernia repair, but in case of recurrent and complicated hernia surgery, this percentage seemed even higher. 8, 9, 16, 17 Little is known about the clinical and socioeconomic burden of adhesiolysis and inadvertent enterotomy in ventral hernia repair. One review reported the combined incidence of enterotomies from a multitude of mostly smaller series of ventral hernia repair. 8 Two studies specifically reviewed the incidence in larger cohorts of patients on the basis of operation codes and notes of mortality and morbidity rounds. 9, 18 However, bias due to self-reporting and the retrospective nature of these studies might have led to an underestimation of the problem.
Knowing the impact of adhesiolysis and the incidence and morbidity of inadvertent enterotomy is important to make decisions in abdominal wall repair and to increase the awareness of adhesions, inducing complications during peritoneal surgery. In addition, the patient consent process requires surgeons to adequately inform patients undergoing incisional ventral hernia repair of risks associated with adhesiolysis.
We aimed to prospectively assess the incidence of inadvertent enterotomy in a large group of consecutive patients undergoing abdominal wall repair and to identify possible predictive factors. We analyzed the impact of adhesiolysis and inadvertent enterotomy on morbidity and mortality, and health care utilization.
METHODS AND MATERIALS

Study Design
This was a prospective observational study as part of the LAParotomy or LAParoscopy and ADhesions (LAPAD) study (clinicaltrials.gov registration number NCT01236625). The LAPAD study was designed to assess the incidence and impact of adhesiolysis on operative and postoperative complications, quality of life, and socioeconomic costs. All adult competent patients undergoing elective laparotomy or laparoscopy admitted to the surgical ward between June 1, 2008, and June 2, 2010, at the Department of Surgery of the Radboud University Nijmegen Medical Center, Nijmegen, the Netherlands, were eligible for participation in the LAPAD study. Surgical patients treated in daycare were not screened for eligibility because early postoperative follow-up for complications was not adequate. During the operation, detailed information of adhesions, adhesiolysis, and inadvertent organ damage was collected through direct observation by a trained researcher (R.B.) not taking part in the surgery. Relevant data related to patients and to surgical and medical procedures were prospectively assessed during hospital stay and at the outpatient clinic until 6 months after discharge. Operative and treatment decisions were taken according to department guidelines or at the discretion of the surgical staff. In all cases, both sharp dissection and electrocautery were used for adhesiolysis. As a rule, however, electrocautery was avoided in dense adhesions (Zühlke score 3 and 4) to prevent bowel injury from thermal injury and necrosis. 19, 20 The study was approved by the local medical ethical committee and conducted according to the revised version of the Declaration of Helsinki (October 2008, Seoul).
Cohort Selection
For each patient participating in the LAPAD study, the planned and actual operative procedures were noted using the hospitals operation coding system. The indications for the procedure were defined following the International Statistical Classification of Diseases and Related Health Problems, version 10 (ICD-10). The current study group was selected by actual operative procedure codes related to the ventral abdominal wall. Consecutive patients with the diagnosis ventral hernia or abdominal wall defect, who consented, were included. The last repair in patients who underwent more than 1 ventral abdominal wall repair in the study period was analyzed and the other repairs were regarded previous operations.
Our department is a tertiary referral center for patients with abdominal wall defects complicated by infection, enterocutaneous fistula, loss of domain, and severe comorbidity. Therefore, overall results might overestimate those obtained in an average population of ventral hernia repair. To address this potential bias, we separately analyzed all primary and secondary outcomes in a subgroup of patients who underwent repair of an uncomplicated midline incisional hernia. Uncomplicated was defined as no wound infection, no enterocutaneous fistula, and no further surgical procedure at repair.
Outcome Measures
Primary outcome was the incidence of inadvertent enterotomy. Inadvertent enterotomy was defined as every iatrogenic unintended full-thickness bowel defect detected during operation. Bowel defects from preexisting fistulas or created while dissecting the bowel loop that harbored the fistula were not scored as inadvertent enterotomy.
Secondary outcomes were a delayed diagnosed perforation (DDP), the occurrence of serious adverse events (SAEs), and health care utilization. DDP was defined as a bowel defect with spill of gastrointestinal content that was diagnosed postoperatively by imaging, at reoperation or at autopsy, and which was not explained by anastomotic leakage or bowel ischemia.
SAEs were scored for their presence and number. Postoperative complications scored as a SAE were death, wound infection, urinary tract infection, pneumonia, sepsis, anastomotic leakage, bleeding, fistula, and abscess. SAEs were diagnosed according to the criteria of the ICD-10, the National Nosocomial Infections Surveillance System, the Center for Disease Control and Prevention, or according to the opinion of the senior medical staff of the department.
Health care utilization data included the number of patients requiring urgent surgical reintervention, parental feeding and admission to the ICU, total hospital stay, and ICU stay. Medication costs were calculated according to the standardized price list by the Dutch College of Health Insurance Companies updated for June 2008. Health care utilization outcomes were analyzed for the subgroups of patients with and without enterotomy and patients with an adhesiolysis time shorter or longer than 30 minutes.
Possible Risk Variables
Demographic characteristics were gender (male, female), age (years), body mass index (BMI, kg/m 2 ), smoking habit (smoker, ex-smoker, nonsmoker), and the Physiologic and Operative Severity Score for the enumeration of Mortality and Morbidity (P-POSSUM) (0%-100%).
Preoperative variables included use of corticosteroids, a history of peritonitis, presence of intestinal fistula, the number of previous abdominal operations, and the anatomical site of the last operation before the first hernia repair (lower abdominal, upper abdominal, gynecological, urological, and none) according to the classification used by the Surgical and Clinical Adhesions Research group. 16, 21 Hernia characteristics were obtained from the patient records and operation notes and the patient history including the number of previous repairs, the type of hernia (midline, not midline), the largest diameter of the hernia (≤10 cm or >10 cm), and the type (coated, noncoated) and location (intraperitoneal, extraperitoneal) of mesh used in previous repairs. Intraoperative variables included adhesiolysis time and adhesion score according to Zühlke et al: 0, no adhesions; 1, filmy adhesions; 2, stronger adhesions requiring some sharp dissection; 3, dense vascularized adhesions requiring sharp dissection; 4, extreme dense adhesions with high risk for organ damage during dissection. 22 Patients with a Zühlke score of 3 and 4 were compared with those with a score of 0, 1, or 2.
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Annals of Surgery r Volume 256, Number 2, August 2012 the incidence of enterotomies per total adhesiolysis time, expressed as the time needed to harm. Characteristics of a continuous nature were reduced to a dichotomous nature with the median as cutoff. Health care utilization and SAE data were analyzed with Kruskal-Wallis and Fisher exact tests for continuous and dichotomous characteristics, respectively. SAEs and health care data were compared between patients with and without an enterotomy and between patients with and without extensive adhesiolysis. Extensive adhesiolysis was defined by adhesiolysis time, using the methods to determine the optimal cut point for research purposes described by Magder et al. 23 This method was applied on the odds ratio (OR) for incidence of SAE with cut points rounded at 5 minutes. We used SPSS for Windows version 17.0 software (SPSS, Chicago, IL) for statistical analysis. P < 0.05 was considered significant.
RESULTS
Patient Characteristics
A total of 844 planned operations were eligible for inclusion in the LAPAD study. One hundred forty-three operations met the inclusion criteria repair of ventral hernia or abdominal wall defect. Eight patients were excluded because informed consent could not be obtained. Two patients had incisional hernia repair twice in the study period, resulting in 133 patients for analysis.
Five experienced surgeons performed all abdominal wall repairs either as primary surgeon or as assisting surgeon supervising a resident. No data were missing. Fourteen (10.5%) patients underwent hernia repair by primary closure, 29 (21.8%) by component separation technique, 66 (49.6%) by mesh repair, and 24 (18.0%) by a combination of component separation technique and mesh repair. Nine patients (6.7%) underwent laparoscopic ventral hernia repair. Laparoscopy was converted in 2 (22.2%) patients, for complicated adhesiolysis in one and difficulty with fixation of the mesh in the other.
One hundred twenty-nine patients (97%) had a ventral incisional hernia, in 107 (82.9%) in the midline. Three patients (2.3%) had a parastomal hernia and one patient (0.8%) had a primary umbilical hernia. In 20 patients (15%), the hernia was complicated by enterocutaneous fistula. The hernia was larger than 10 cm in length or width in 69 (51.8%) patients.
Additional surgical procedures were done in 12 (9%) patients, a bowel resection in 3, a pancreas resection in 3, a liver resection in 3, an esophageal resection in 1, and a cholecystectomy and placement of a feeding jejunostomy each in 1 patient. Seventy-eight (58.6%) patients had an uncomplicated incisional midline hernia and formed the subgroup.
Sixty-six (47.5%) patients underwent repair of a recurrent hernia, 35 patients had one and 31 patients had multiple previous repairs. Forty-four (66.7%) patients with recurrent hernia had a mesh in situ from a previous hernia repair, 18 (40.9%) in an intraperitoneal and 26 (59.1%) in an extraperitoneal position. Most intraperitoneal meshes contained an absorbable (50.0%) or nonabsorbable (27.8%) antiadhesive layer. Fully absorbable mesh and mesh without antiadhesive properties were used in 11.1% of intraperitoneal mesh repair.
The anatomical area of the initial operation was lower abdominal in 74 (55.6%), upper abdominal in 36 (27.1%), gynecological in 13 (9.8%), and urological in 9 (6.8%) patients. One patient with umbilical hernia (0.8%) had no prior surgery (Table 1) .
Inadvertent Enterotomy, DDP, and Adhesiolysis Time
A median number of 1 (range 1-9) enterotomies occurred in 17 of 133 patients (12.8%). Eleven patients had small bowel enterotomies, 4 had large bowel enterotomies, and 2 patients had enterotomies in both small and large bowel. DDP occurred in 2 patients, one in whom also an enterotomy was detected during surgery. There were no enterotomies or DDPs in the laparoscopic group.
Surgical history was comparable between patients with and without an enterotomy. Nine (52.9%) patients with enterotomy had a previous abdominal wall defect repair compared with 47 (49.1%) patients without enterotomy; the number of patients with multiple repairs were 5 and 26, respectively (P = 0.814).
Enterotomies were made during the opening of the abdominal cavity in 4 patients. Two patients suffered enterotomies both during opening of the abdominal cavity and during subsequent adhesiolysis deeper in the abdominal cavity or along the peritoneal side walls. The remaining 11 patients had enterotomies after opening of the abdominal cavity, in 6 of them following resection of a previously placed mesh.
Adhesiolysis was done in 124 patients (93.2%). Mean (± SD) adhesiolysis time was 66.9 ± 32.4 minutes in patients with enterotomy versus 31 ± 26.6 minutes in patients without enterotomy (P < 0.001). Thirty-three inadvertent enterotomies were caused in 4750 minutes of adhesiolysis, corresponding with a cumulative incidence of 1 enterotomy after every 144 minutes of adhesiolysis. Adhesiolysis times were comparable for patients with intraperitoneal mesh, extraperitoneal mesh, or no mesh in situ (35.1 ± 26.8 minutes, 39.4 ± 32.0 minutes, and 34.8 ± 30 minutes, respectively; P = 0.747).
Tenacity of adhesions was high with 85 (63.9%) patients having Zühlke scores more than 2 under the scar and 75 (56.4%) further away. Extreme dense adhesions (Zühlke score 4) were found under the scar in 27 (20.3%) patients and at the operative areas in 26 (19.5%) patients. Fifty (37.6%) patients had dense adhesions both under the scar and distant of the scar.
Adhesiolysis time, the presence of a fistula, and hernia size greater than 10 cm were significant risk factors in the univariate analysis (Table 1 ). These and the factors age, BMI, the number of previous abdominal operations, a midline hernia, and the presence of mesh, with a P < 0.30, were included in the multivariate analysis. Subdivision of the location of the mesh (ie, intraperitoneal or extraperitoneal) was not presented in the final multivariate analysis because it did not result in any significant changes and did not improve the model (intraperitoneal vs extraperitoneal mesh, OR 0.84; 95% CI 0.17-4.0-7; P = 0.828).
Multivariate stepwise regression analysis revealed adhesiolysis time as independent and significant risk factor for incidence of inadvertent enterotomy [OR (95% confidence Interval [CI]) 1.03 (1.01-1.05) for each minute increase in adhesiolysis time]. There was a trend toward a higher incidence of enterotomy in patients with mesh in situ and a hernia size greater than 10 cm. A trend toward a lower incidence was found in patients with higher BMI ( Table 2 ). The area under the ROC curve of the multivariate model was 0.87 (95% CI 0.79-0.96).
Eight (10.3%) patients had a median of one enterotomy (range 1-9) in the subgroup of patients with uncomplicated midline incisional hernia. Again, adhesiolysis time was a significant risk factor in univariate analysis with an OR 1.04 (95% CI 1.02-1.07; P = 0.002) for each minute increase in adhesiolysis time. There was a trend toward increased enterotomy incidence in patients with mesh present [mesh 5/25 (20%) vs no mesh 3/53 (5.7%); OR 4.2; 95% CI 0.9-19.1; P = 0.066]. In multivariate analysis, adhesiolysis time and mesh presence were significant risk factors (OR 1.05; 95% CI 1.02-1.09; P = 0.004 and OR 7.4; 95% CI 1.0-53.0; P = 0.047, respectively). The area under the ROC curve was 0.90 (95% CI 0.81-0.98). done as part of resection of an enterocutaneous fistula. There were no anastomotic leakages related to bowel resection for enterotomy. Two patients (1.5%) died during hospital admission; one of these patients had experienced an enterotomy and a DDP. Cause of death was hemorrhage after a long and complicated ICU stay. The other patient died from pneumonia. and costs of in-hospital prescribed medication were higher (€1178 ± 3207 vs €250 ± 475, P < 0.001). The increase in medication costs was mainly due to increased use of intravenous antibiotics. In 6 (35%) patients with an enterotomy but no gross spillage of intestinal content, an extraperitoneal mesh was placed during hernia repair. In one of the patients, the mesh was removed 2 days after surgery in an acute setting because of a DDP. In another patient, the mesh was removed after 3 months because of fistula formation. One patient presented at the emergency department 2 weeks postoperatively with wound infection, but no excision of mesh was required. The other 3 patients did not suffer from any complications.
Optimal cut point for extensive adhesiolysis was 30 minutes. Sixty-three (47.4%) patients had an adhesiolysis time longer than 30 minutes, and these patients had significantly more complications than those with adhesiolysis time shorter than 30 minutes (38.1% vs 21.4%; P = 0.038). Patients with adhesiolysis more than 30 minutes experienced a significantly higher rate of sepsis (6.3% vs 0%; P = 0.048), wound infection (14.3% vs 2.9%; P = 0.025), and abdominal complications (fistula, abdominal abscess, and anastomotic leakage; 7.9% vs 0%; P = 0.022) than those with an adhesiolysis less than 30 minutes (Table 4) . Excluding patients with an enterotomy or DDP, adhesiolysis of 30 minutes or longer still was associated with a higher number of ICU admissions (25.0% vs 7.4%; P = 0.015), a greater need for parenteral feeding (29.2% vs 2.9%; P < 0.001), a longer total hospital stay (12.8 ± 14.7 vs 5.6 ± 4.5 days; P = 0.001) and ICU stay (2.1 ± 5.9 vs 0.2 ± 1.2 days; P = 0.006) and higher costs from in-hospital prescribed medication (€421 ± 644 vs €129 ± 248; P < 0.001).
In the subgroup of 78 patients with an uncomplicated incisional hernia, no significant differences in the incidence of SAEs could be found between enterotomy and no enterotomy ( Table 5 ). The 8 patients with enterotomy had a longer hospital stay (26.0 ± 51.4 vs 17.4 ± 10.7 days; P = 0.030) and higher medication costs (€ 1887 ± 4690 vs € 215 ± 395; P = 0.030) compared with those without enterotomy. Patients with adhesiolysis time longer than 30 minutes were admitted more frequently to the ICU (22.9% vs 4.7%; P = 0.037), had longer ICU stay (5.8 ± 25.5 vs 0.2 ± 1.1 days; P < 0.001), a longer total hospital stay (14.7 ± 28.0 vs 4.9 ± 2.9 days; P < 0.001), and higher medication cost (€720 ± 228 vs €114 ± 176; P < 0.001). repair procedure, was a significant and independent risk factor for enterotomy both in the whole group and in patients with uncomplicated midline incisional hernia. Adhesiolysis complicated by enterotomy and a long during adhesiolysis adversely affected important clinical and socioeconomic aspects of patient convalescence. The incidence of enterotomy was unexpectedly high. Jenkins et al evaluated laparoscopic repairs of 69 recurrent hernias and found only 3% patients with an enterotomy. 24 In a recent study, Wara et al 25 found a 4% incidence of enterotomy during laparoscopic repair of 72 parastomal hernias. In a large cohort of 114 laparoscopic hernia and 1009 open hernia repairs, 8% and 7% enterotomies, respectively, were reported. 9 The higher rate in the present study most likely reflects a more difficult patient population as may be concluded from the small proportion of laparoscopic repairs and the high proportion of patients with complex hernia and comorbidity. One in 6 patients had a fistula at the time of hernia repair and almost all surgeries were (clean-) contaminated. More complexity, however, does not fully explain the high incidence because uncomplicated midline incisional hernia repair still had a 10% enterotomy rate. Perhaps the lower incidence of enterotomies reported in laparoscopic hernia repair is an underestimate because delayed bowel perforation was not included in those series. 12, 20, 26 Delayed detection of operative bowel injury seems to occur more frequently in laparoscopic than in open repair and is associated with marked morbidity and mortality. 12 The prospective nature of the study enabled us to accurately evaluate adhesiolysis-related factors predicting an enterotomy. Adhesiolysis time was found to be a strong predictor for enterotomy in both complicated and uncomplicated hernia repair; a large defect and mesh presence were weak predictors. Obviously, adhesiolysis time cannot be accurately predicted before operation. The finding of enterotomy associated with adhesiolysis time, however, is of value during patient counseling for informed consent.
Highly dense adhesions are prone for inadvertent injury when lysed. Yet, the impact of tenacity on enterotomy risk was not significant in our study. The scoring of adhesion tenacity was an estimate because adhesion tenacity varied between adhesions in the abdomen Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
and adhesion quantity was not assessed. This likely explains the lack of significance of the single variable tenacity. Adhesiolysis time encompasses tenacity and quantity of adhesions and better reflects the complexity of adhesiolysis.
In a previous retrospective study from our group that predominantly included repeat colorectal surgeries and revealed a risk for enterotomy of 19%, one third of enterotomies occurred at abdominal entry. 13 In that series, lower pelvis adhesiolysis had the highest risk for enterotomy, which is an area not commonly dissected in ventral hernia repair. The number of previous laparotomies predicted the risk of enterotomy, a finding not reproduced in the present series. Most likely, the percentage of multiple recurrent hernia repairs (<25%) was too low to allow appropriate analysis.
The attendance of an observer in the operating room might have raised vigilance of surgeons to meticulously do adhesiolysis and avoid bowel opening. This would imply that the enterotomy incidence would be higher when unobserved. We noticed, however, that the operating team became rapidly habituated to the presence of an observer during the study period of 2 years. So, the observer effect seems limited.
We introduced the "adhesiolysis time needed to harm" in this analysis. This outcome measure does not provide a better understanding of the patient's individual risk but gives a qualitative assessment of the difficulty surgeons face while cutting adhesions in a homogeneous group of patients. Calculation of the "time needed to harm" might facilitate comparison between studies of factors that influence the difficulty of adhesiolysis and has value for health economists involved in cost price calculation of surgical interventions.
Halm et al reported a significant difference in bowel resection between patients with intraperitoneal mesh (21%) and those with extraperitoneal mesh (0%) and related this observation to bowel injury cutting adhesions between bowel and mesh. 17 We found a higher incidence of enterotomy with mesh regardless of intraperitoneal or extraperitoneal mesh position. Notably, antiadhesive coatings were used in 4 of 5 patients with intraperitoneal mesh in our series, and the majority of meshes in Halm's study were made of nonabsorbable polypropylene. One should also be cautious to take bowel resection as a measure of adhesion severity and injury after adhesiolysis as Halm et al did. Only half of our patients with enterotomy required bowel resection. In a recent large retrospective study of 1444 patients in 16 Veterans Affairs hospitals examining the effect of repair type and technique on the difficulty and complications of subsequent surgery (two-third rerepair of ventral hernia), no significant effect of repair type, mesh type, or position on risk of inadvertent enterotomy was demonstrated. 27 These results correspond with our findings indicating that extraperitoneal mesh position does not prevent adhesiolysisinduced injury. We have regularly encountered a peritoneal protrusion of an extraperitoneal mesh with adhesive attachments giving similar operative difficulty as an intraperitoneal mesh at rerepair. One might speculate to use antiadhesive meshes when placed in the extraperitoneal space after open abdominal wall repair on the basis of the assumption that the peritoneal layer takes part in the inflammatory response elicited by the surgery and the foreign body implanted and becomes adhesiogenic.
Placing a mesh in a contaminated environment is known to increase the risk of mesh infection and fistula formation. 28 In a retrospective cohort of 42 mesh infections, early infection correlated with DDP. 29 Half of the patients in our study who received a mesh after an inadvertent enterotomy was repaired suffered from complications, even though there was no gross spillage from the enterotomy and meshes were not placed in the intraperitoneal cavity. The difficult and long adhesiolysis rather than the enterotomy probably accounts for the mesh-related complications. Our limited data of patients with enterotomy and mesh placement suggest avoiding mesh repair after long during complicated adhesiolysis.
Patients with adhesiolysis complicated by enterotomy had a significantly higher incidence of unplanned bowel resection, sepsis, urgent reoperation, parenteral feeding, and prolonged hospital stay underlining the huge impact of inadvertent enterotomy on postoperative complications. The results accord with those of a previous retrospective study of all types of reoperations from our department. 13 A new finding is the higher incidence of postoperative surgical complications, the longer hospital stay, and increased medication costs after more than half an hour of adhesiolysis. This finding was independent of enterotomy occurrence or complexity of the abdominal wall defect. In a large prospective randomized study of 1701 patients undergoing colorectal resection for benign causes, every 30 minutes of adhesiolysis was correlated with an increase of postoperative stay by 1 day. 30 This and our results demonstrated the large adverse effect of adhesiolysis time alone on morbidity and health care utilization.
Prolonged adhesiolysis and adhesiolysis complicated by bowel injury introduced high direct hospital costs given the twofold increase in hospital stay, the higher number of patients needing ICU treatment, the higher number of reoperations, and the almost fivefold increase in medication costs. Available literature on the socioeconomic burden of adhesions has focused only on direct hospital costs caused by adhesive small bowel obstruction. In a recent study, Wilson et al estimated the cumulative costs of readmission for adhesive small bowel obstruction after abdominal surgery at €960 per patient. 31 Comparison has not been done, but we speculate that the costs of adhesiolysis and subsequent inadvertent organ damage are higher than those of adhesive small bowel obstruction.
Although adhesiolysis-related organ damage is common during repeat surgery and accounts for a huge burden of morbidity, it is one of the most neglected and poorly investigated complications of abdominal surgery. This is the first large prospective cohort study giving detailed information on the morbidity of adhesions in open abdominal wall repair. Although our series encompass patients with complex abdominal wall defects, most findings were similar for relatively simple midline ventral incisional hernias. Therefore, the results are representative for open ventral hernia repair.
This study provides the first important epidemiological data on incidence, predictive factors, and impact of adhesiolysis in surgical repair of abdominal wall defects. The high incidence and large impact of adhesions emphasizes the need for adhesion prevention in all abdominal surgeries potentially complicated by a hernia. Unfortunately, only a minority of surgeons routinely use antiadhesion barrier. 32 Use of antiadhesive coating on meshes is recommended when repairing a ventral wall hernia to reduce bowel adherence to the mesh with fistula formation and troublesome separation of viscera from the intraperitoneal mesh at recurrent hernia repair. 17, 33, 34 Having established in a prospective way the incidence and intra-and postoperative burden of adhesions in ventral hernia repair, surgeons can properly inform their patients before consent. In addition, hospitals, health care economists, insurances companies, and manufacturers of hernia meshes may use these findings for organizational and economic purposes and cost-benefit analyses.
